The crystal structure of "nickelalumite", ideally NiAl 4 (SO 4 )(OH) 12 (H 2 O) 3 , from the Kara-Tangi uranium deposit, Batken region, Kyrgyzstan, monoclinic, a 10.2567 (5) . Intercalated between the M-Al-OH sheets are layers of (SO 4 ) tetrahedra and (H 2 O) groups. All H atoms of (OH) and (H 2 O) groups were located, and details of hydrogen bonding are discussed. The structure of "nickelalumite" is similar to those of alvanite, ZnAl 4 (VO 3 ) 2 (OH) 12 (Traduit par la Rédaction) Mots-clés: "nickelalumite", structure cristalline, données de moicrosonde électronique, liaisons hydrogène.
. Intercalated between the M-Al-OH sheets are layers of (SO 4 ) tetrahedra and (H 2 O) groups. All H atoms of (OH) and (H 2 O) groups were located, and details of hydrogen bonding are discussed. The structure of "nickelalumite" is similar to those of alvanite, ZnAl 4 (VO 3 ) 2 (OH) 12 3-and (BO 4 ) 5-have Lewis basicities that are too high and hence cannot form "nickelalumite"-type structures.
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SOMMAIRE
Nous avons résolu la structure cristalline de la "nickelalumite", dont la formule idéale serait NiAl 4 (SO 4 )(OH) 12 (H 2 O) 3 , provenant du gisement d'uranium de Kara-Tangi, région de Batken, au Kyrgyzstan, monoclinique, a 10.2567(5), b 8.8815 (4) 
EXPERIMENTAL
The crystal structure of "nickelalumite" has not been established because it has been extremely diffi cult to fi nd a single crystal suitable for structure refi nement. "Nickelalumite" crystals are fragile, transparent fl akes that deform under the slightest touch. After much effort, we extracted a crystal with minimal damage from an aggregate embedded in a rock matrix. The sample of "nickelalumite" used here is from the Kara-Tangi uranium deposit, Batken region, Kyrgyzstan, where it occurs in the zone of hydrothermal alteration of U-Vbearing carbon-bearing silicifi ed schists, in association with quartz, calcite, alumohydrocalcite, allophane, crandallite and kyrgyzstanite (Karpenko et al. 2004b , Agakhanov et al. 2005 .
X-ray-diffraction data for "nickelalumite" were collected with a Bruker P4 diffractometer equipped with a 4K CCD detector (MoK␣ radiation) from a single crystal of "nickelalumite" with dimensions 0.10 ϫ 0.06 ϫ 0.02 mm. The intensities of 7103 refl ections with 1 -0 < h < 10, 9 < k < 9, 1 -8 < l < 18 were collected to 59.99° 2 using 30 s per 0.2° frame. An empirical absorption-correction (SADABS, Sheldrick 1998) was applied. The refi ned unit-cell parameters were obtained from 3365 refl ections with I > 10I. There were no observed data in the high-angle region between 45 and 59.99°, and the data were truncated at 44.42°. Details of the data collection and structure refi nement are given in (Martini 1980) . [Unfortunately, the name is in the literature without the approval of the IMA -CNMMN, hence the quotation marks.] The unit-cell parameters were determined for all three minerals, but their crystal structures are not known. There are fi ve minerals that have stoichiometries related to "nickelalumite": mbobomkulite, hydro mbobomkulite, chalcoalumite, alvanite and ankinovichite (Table 1) ; m = 1, 2; 2 < n < 12. All minerals are monoclinic with unit-cell parameters a ≈ 8.9, b ≈ 10, c ≈ 17 Å and ␤ in the range 90-95°. Previously, "nickelalumite" was considered as the nickel analogue of chalcoalumite (Williams & Khin 1971), the crystal structure of which also is not known.
Here, we report on the structure of "nickelalumite" and examine the structures and chemical compositions of related phases in terms of the Lewis acidities and basicities of their constituent structural units and interstitial complexes.
solved by the Patterson method and refi ned to R 1 = 5.7% and a GoF value of 1.059 for 1554 independent refl ections (281 refi ned parameters including extinction) with the Bruker SHELXTL version 5.1 system of programs (Sheldrick 1997) . The occupancy of the M site was refi ned with the scattering curve of Ni, and all H positions were softly constrained by setting the O-H distances equal to 0.98 Å. Final atom-parameters are given in Table 3 , selected interatomic distances in Table 4 , details of hydrogen bonding in Table 5 , and bond valences in Table 6 . A structure-factor table may be obtained from the Depository of Unpublished Data, CISTI, National Research Council, Ottawa, Ontario K1A 0S2, Canada.
CHEMICAL COMPOSITION
The crystal used for X-ray diffraction was mounted on a Perspex disc, ground, polished, carbon-coated and analyzed with a Cameca SX 100 electron microprobe operating in wavelength-dispersion mode with an accelerating voltage of 15 keV, a specimen current of 3 nA, a beam size of 20 m, and counting times on peak and background of 20 and 10 s, respectively. The following standards and crystals were used for K X-ray lines: Al: andalusite, Si: titanite, S: anhydrite, V: VP 2 O 7 , Ni: Ni 2 Si, Zn: gahnite, Fe: fayalite, and Cu: CuFeS 2 . Data were reduced using the X-PHI procedure of Merlet (1992) . The amount of H 2 O was calculated from the results of the structure refi nement. that is parallel to the (001) plane (Fig. 1a) . Intercalated between these sheets are layers of isolated (SO 4 ) tetrahedra and (H 2 O) groups (Fig. 1b) , linked through a network of hydrogen bonds. The sheet and the layer alternate along the c direction (Fig. 2) , and are linked by an extensive network of hydrogen bonds (Fig. 3) .
Hydrogen bonding
There are two types of hydrogen bonds in the crystal structure of "nickelalumite". Hydrogen bonds of the fi rst type occur between H atoms of (H 2 O) groups and O atoms of the (SO 4 ) groups, and are located within the (H 2 O)-(SO 4 ) layer (Fig. 1b) . Hydrogen bonds of the second type occur between H atoms of the (OH) groups of the M-Al-OH sheet and O atoms of the (H 2 O)-(SO 4 ) layer (Fig. 3) . (Fig. 4a ), whereas the third (H 2 O) group is connected to (SO 4 ) tetrahedra and the M-Al-(OH) sheet (Fig. 4b) . The O atoms of the (SO 4 ) group receive from 2 to 3 hydrogen bonds each, and the "isolated" (SO 4 ) group is well connected to the other fragments of the structure. 2+ that is intercalated with layers of oxyanions and (H 2 O) groups; a similar structural motif occurs in minerals of the hydrotalcite group (Hawthorne et al. 2000) . Related minerals for which there is no detailed crystal-structure information available are also listed in 2+ sheet is 2 + pfu. Hence the interstitial sheet must bear a charge of 2 -pfu, and can be either (SO 4 ) or (NO 3 ) 2 for a total charge of 2 -in each case, but not [(NO 3 ),(SO 4 )] 2 as is written in Martini (1980) and Mandarino & Back (2004) .
RELATED STRUCTURES

Structure and chemical formulae
Interstitial components
Hawthorne & Schindler (2000) and Hawthorne & Sokolova (2002) have considered similar minerals as decorated sheet structures, and have provided hierarchical connections between similar structures that rationalize their chemical compositions in terms of bond topologies. The structures of Table 1 are interestingly different than those previously examined. The sheet unit of their structures is positively charged, rather than negatively charged or neutral, and the principal differences among these structures occur in the negatively charged interstitial complex. In the sheet structures examined by Hawthorne & Schindler (2000) and Hawthorne & Sokolova (2002) , sheet units of their structures are negatively charged, and the principal differences among these structures occur in these sheets as well as in the neutral or positively charged interstitial complexes. Let us examine this issue in terms of the ideas of Hawthorne (1985 Hawthorne ( , 1990 Hawthorne ( , 1997 and Schindler & Hawthorne (2001) . The structures are considered as binary entities, a structural unit and an interstitial complex, and the interaction between these two components is examined using the valence-matching principle (Brown 1981 , Hawthorne 1997 , Schindler & Hawthorne 2001 . The Lewis acidity of the [ⅪM
2+
Al 4 (OH) 12 ] 2+ sheet is the charge on the sheet divided by the number of bonds emanating from the sheet. As there are 12 hydrogen bonds emanating from the sheet, the Lewis acidity of the sheet is 2 / 12 = 0.167 vu (valence units). Hence by the valence-matching principle, the Lewis basicity of the interstitial components of the layer must also be 0.167 vu. The Lewis basicity Table 6 shows that the (H 2 O) groups do not act as bond-valence transformers, but occur to carry bond valence from (OH) groups distant from the (SO 4 ) groups to the simple anions of those groups [e.g., see O(7) and O(10), Fig. 3] . Inspection of Table 1 shows that (NO 3 ) 1-also occurs as an interstitial oxyanion in mbobomkulite and hydrombobomkulite, and as discussed above, there are two (NO 3 ) 1-groups in these minerals, as distinct from one (SO 4 ) 2-in "nickelalumite" and chalcophyllite. Brown (2002) 3 could be a stable phase with the "nickelalumite" structure; however, the chemical study of Karpenko et al. (2004b) Karpenko et al. (2004b) have examined variations in composition of "nickelalumite" from Kara-Chahgyr in South Kirgizia and have shown that signifi cant amounts of V and Si are incorporated into the structure, presumably by the substitution V 5+ + Si → Al + S 6+ .
